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(57) Abstract: 

PURPOSE: To provide the halftone phase shift 
photomask which has sufficient transmittance to 
short-wavelength light and is usable for high-resolution 
lithography by krypton fluoride excimer laser exposing, 
etc. 

CONSTITUTION: The layers mainly composed of a 
chromium compd. of the halftone phase shift photomask 
505 including at least s 1 layers mainly composed of the 
chromium compd. in the halftone phase shift layers on a 
transparent substrate are the compd. contg. at least 
fluorine atoms in addition to chromium atoms and, 
therefore, the prescribed or higher transmittance is 
obtainable in spite of the short-wavelength exposure. 
Since this photomask is usable for Krypton fluoride 
excimer laser exposing (wavelength: 248nm), etc., the 
high- resolution lithography is realized. The mask is 
formable by nearly the same method as the method for 
the conventional type photomasks and, therefore, the 
yield is improved and the cost is reduced. 
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. Pass Energy20eV, 0. leV7 
X^t>@t3Tl^lfc. Channe 1 
Time tifatlfe SOmsT&o/t* 
[ 0 0 3 5 ] £tl$(DMl£&ift%:1%misrz 

%(&L, !fift£3gL < ja&*>&H|£JB±-hfl-& 

[0 0 3 6 ] 7C«ffl.fiE«affMF^JflStt, #CDiID-r£> 
S. A7^^70> K©^L3l€?fct, V7h^7-^ 20 
<£> S h i r I e y ^, A y ^ 4^ ^ > }*<D&fe\z 

Sff^fcti, |pIi;<y7^X7-^©Scof ie 1 

d <D&ttm&m&$:m\z. m&.\zj:vx&*>nrc\f—2 

x v ^ > ^*Pf FpI J: "T (5 t£-5£ £ ft ^ £ f? COM 

mure, s c o f i e i d ftttmm&mzs y 

4 . 2 6, mm& 1 . 00, K5f§# 2 . 85, Zn&ifl 30 

7 . 6 0 T^^o 

[ 0 0 3 7 ] X^>£^#te, ^a)ji*9-r^^>, 

>iExo 5iiiMi-gi^i/>x^fifiii 

-f ^>£c£r#H^ 3>hD-7-Ht4 0 0 X GU 
N SUPPLYa--;h*I^, PHYSICAL 
IMAGE UN I T£>{g>P£ 1 tbTi^fc. 
ffi<DMfe\Z\t* 626 SAMPLE CURRENT 
METERSffilifc. 
[ 0 0 3 8 ] Kffiffitt lxio'mbar — 1X10"' 

mba rOilT. 5 *i A ~ 1 . 5 40 

U Afig?<DiItX7^>^$ff o/:. F I LAMEN 
TSSStejfo2. 4A, EM I S S I O N^g&tt 5 - 1 0 
m A , SOURCE ENERGYIi3-5kV7?*? 

[0039] ^>^>^mm\t. i«oiy^>^u- 
— iswc ass, »«ffi*ta3&:^3&uasissrt/j: so 



7 - 1 1 0 5 7 2 
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[ 0 0 4 0 ] *$£W<Dm.Wlzm-DT* *5£B$<Dy 

£LT, ^nA, ^{b^DA, ^ffc^nA, mit^itZ 
□ A, SE^Mffc^ PA, Kft^fc^fc^ nA«sm>5 
<fc, ft3fc<Ll3:l3;|u| C^&T 1 X >^*X^T'^ 

mxzz>. 

[ 0 0 4.1 ] £X±® l W{stc<kz> tC, #^i^OA- 7 h- 

tfe 1 SEA-k^tTA-? h->ffiffi*>7 h7^h77^7 

< thy y &2> C Z 

t> <D X& & . 

[ 0 0 4 2 ] CWi^, D AfL^&a*, ^DAJgfS 

7 ^ s*m^©teK:, em, 7km<D 

cfc^o A-7h->i^y7hi^, mwmwi±. 

ti-l k-l 

0 = 2 z k.»*t +2 27t (u k -1) d fc /\ 

I - 1 k- 2 

[0043] ^^c, /\-y b-yizteisy bm&mytyt 
t@->;7 h^co^pgu^i§^£ i o o%ibrct^c, i 

7bm 5 0 C l^. $ 6 (C, a— ^K- 

>lilly7hi^, '>/ct< tt)7yi^ttf^PAfl:^ 
4^3^ 6 U2>mt* ^DA, ^^k^DA, ^{k^UA, H 

{b^fh^PA, ^MI^oa, Mik&iik&it? u ao 

^CO^n^ 1 -^^^^SJS t Sr^A/Tf l^T feck t^o 

[ 0 0 4 4 ] Sfc, ±E5(D^ DA{i:^#Iti, X&JtmT 
»^fetcJ:5»*rMi:LT, ^ a Af^^ & 1 0 0 <t L fc 



( 8 

13 

&w.i£v<. i 5 o ziTvm&T'mmmTz^ts 

f^#ll:^^^cb^ISb<, delete. 2 
[ 0 0 4 5 3 *#i^cDA-:7 h->&fs~>:7 h;? 

*> i JiJ^Ji^trA-? h->{4*9~>:7 h 7* h7x^7^ 

[ 0 0 4 6 ] C1C0*§^, ^DAI^W, ^DAI£^& 

r^^^^i^^^^tc, gg^, mn. 7km<D 

tC^TT^T^tCj: 0^i5ffiffiiJ)^n tc ± tc/ 3 ^ 20 
£ = x 1 '^ 1 + 2 2?r ( Uk -1) d k /A 

(k+i) #@cDJl<h<9^®T&^£ftf@i£>ft;, u t , 
$*100»tlfct$l:, 1 7bm 5 0 %i^5J;7^ 

ikmitmitz DA^^oHn^ i^7^<b&<£>fl£&*BA, 40 

[ 0 0 4 8 3 ±sBco^ n AfC^^li, Xi&5fc1g^ 

^SSK. 1 5 0 J^T^ItJ^T&^JlC^&^fr 

ik%mT~$>Z>Z.tfrm*{,< , 2 6 Kite. 2 5 0 UATCD 

[ 0 0 4 93 

[^/E3 *^^OA-7 h->lit@y7 N7t h77^7 
2&tf A — 7 N->M>'7h7*h7X^ffl^7>^ 50 



1 7 - 1 1 0 5 7 2 

14 

T7 !V ^ 11?^ 1Mb 5 COT. ®&SS3t"Ctj3f 

[ 0 0 5 0 3 

hv^^&tKA-^ h->ftf@^:7 h7^ F7X^i7* 

^ >^ *<z> ^i^tjcoti rug gH-r*. 

[^JS0J13 *36H©A-7>->iil:ffl'>7h7*h7 

BI (a) tc^T<fc5fc:, »ililHi$nfc'>Ua>')i- 
A- 4 0 1 ±\z. XA-^'J >^&T\ ^TK^lTiiO 
^ OA{b^ttK4 0 2 $*9 3 0 nmcojp^tc 
@*«*rffll^>yjU4 0 7 
[ 0 0 5 1 ] J$1B£&@ : ^l/-t-iD Cv^ 

^ — y v h :^I^DA 

# X&tf i5i!S : 7)],zt>j}z> 7 6sccm+7X:7yffcB£ 
^77^ 2 4 seem 

XA^-^i5f£ : 677^7 

&\z, ipfSL&ftytJLy-ry * — (v^^asaEs- 

4G) T\ :©t>y;M 0 7(DKr Fl+->7l/-if 
— ( 2 4 8 nm) TOJBJff^ u 2&CX^«^Sfc k & jH 
^l^i^^, fn-?nu=l. 9 9 6, k = 0. 43 
7l:^»o^:o Cta^:, eft EB M . Born, E. Wol 
f^^Principles of Opticsj6 

£ 2 4 8 n m^^^(^Mi©7tCDfi:tB^ 1 8 O^f 

S-rfc8e>t!^®/ilKjSS:tf»Ufci:CJ5, 130nm^ 

[00523 -eCTf, ill (b) ^^Tck 5 tz, Tt^^F 

±.m<D&m%i{$T*2 DAft^R4 04^^130nm 
iSiLfctC^, 2 4 8 n mcD5£cQ5gi®5£7^;fc <fc^ 
5 «"rftS*»^©A-7 h->^^f/^ K 7* h77 
^^7 r 7>^X4 0 8^|#fc e :C/5>i7Xfl)^3tS 

[ 0 0 5 3 3 C^Jg^J 2 D $»^OA-7h->{4=f§5/ 

i5iHj*r^ 0 i2 (a) iZ7jk~r^o\z. nmm i-cmtz-j 

7>^750l±t:, «liOS : f8 , JV^77^-SX 
U7*Mjy^7 7^-tel: < fcrj. ft&WttHf&ft £? 
Z>J%W.(D \sV7, h A^-> 5 0 2 * fc, 1^ @ 

(b) (c^*Tct^lC, U>?X hA^— >/^e»StB^^i^: 



15 

*mmfm&. ch, ci, : o, =1:2. 5 

X, E^O. 3 h-JI/0^frTS^«y7X7^l:$6 

IO^lB^i/^-> 5 0 3 ^fit o glfeC. S^ytU 
>>X h 5 0 4 £#&(C J; 0 ftfBffb, mm (c) IlifJ: 
■3 tC, A-7 h->fi^y7 hSU0^^ 2 4 8 nm}tO 
mj&m & 5 %T£>Z>/\ — 7 h->15ffiy7 h 7 * h7X 
ZSOS&mtz. C <Z>/\ — 7 h — V 7 h y 

*h7^^ 5 0 5it »*$nfcSE»<z)Tf&i^s. mm 

[ 0 0 5 4 ] [^l^j 3 ] *^B^(DA-7 h — XfclBS' 
7 h 7 * (DM<DnffiM$:£XT\zmW-?Z>. MM 

0J 2 (hISJillfw L-Cf#£*lfc/\— 7 h — >{±Lm->7 h7 * 

^12 4 8 nm^SiS^tt^ 5 8 

Z. <D/\ — 7 h- — > iiLffi is 7 h 7 h7^H, 

mmmvt. mmft^, mmm^^, m&mm^wm 20 

[ 0 0 5 5 ] C^J£^J4D #31^<£>ipjf /\-y h->& 

is ~>y by* tzmomffim&m 3 ^^5^ 

liiC^oTUi^tSo S3 (a) iZjjkt iZ, ^ 
Ili$nty'j3>^X-A-l 4 0 111;, XA-/ 

*tf ^ DAfb^tl^ 1 4 0 2 5 0 nm<Dm£\Zf&m 

l> {l7fc#p#rffli7->yOi' 1407 £ Wr /t * 

. [ 0 0 5 6 ] &mi£m :yi/-t-|DCTi/ 
^4n>XK73'-gI 30 

#X&££»£M : T^Urf X 7 6 sccm+izgy u/ffcjg* 
2 4 seem 

X A *y — Hit) : m 4 5 U h — )l 

X A y ?—'&rm : 67>^7 

friz. r|i^©^7tx»jyy^-^- (yy^a^ES- 

4G) CO-!t>7*JH4O7(D^^2 5Onmt0 

= 1. 6 7 8, k = 0. 169T^oL :n^, mTsB 
OM. Born, E. Wolf^rp r inciple 40 
s of Opt icsj 6 2 8 ~ 6 3 2 Il;^$n?> 
£M$l<h LT4£^, 7^ h7X^0l^<hlT^t>n§ 
S*$lg^/£5^±(::jS;!gSL/££#f;:, 2 5 0 nmOiS^ 

om)&yt<o{tLfa* i 8 o^T^-r^^iCi^n^t^jp^tf 

185 nmt'^^it. 
[00 57] ^:t', i3 (b) (C^fcteiC, «¥fiff 

jgsn. j: < $c&tsnitmm&&tfLi5K&m 1 4 0 3± 
\z±.m<Dtfim&frT*/7 oA^it^mm 1404 &m 1 8 0 

nm^ll/ct:^. 2 5 0 n mcr>7t^>^i§^^^3 

£•^10. 5 S6T&S*5!W(OiiA-7 h->fiffiy 50 



< 9 > 4#BD¥ 7 - 1 1 0 5 7 2 

] 6 

7 > $ *<nftKm&*£$in$:m 6 fc^r* 
[ 0 0 5 8 ] ^(Dy^>^x±tc, «j£cD«^j|ij 
7 7 ^ — &Xtey * K 'J y ^ 7 4 — ^ic<t d . mm 

(c) H^-Tct^iC, 3T^^££f£# fc-f 
^h/^-> 1 4 0 5 ^f|f;. ISIBI (d) IC^-T 

CH, CI, : O, =1:2. 5 <DU^i5X. JET} 0. 
3 V-)l<D&ftT*fem$L7'?X-?*\ZtS Z hfCcfco 

/^-> 1 4 0 6 ^|f; o C CO <h cf > ^ n A>fb^^)]^CD 
X^y^>yii^fi, ^o. 6nm/sec Tfeo^io ft 
Sfc, ^ofcl/^X h&1g&Hz£ OfflBSU, Bl (e) 
fC^-Tcfc^tC, #^<£>i£Ji/\- 7 h — Xfcfflv'y h 7 
* hTXi7 1 4 0 9 
[ 0 0 5 9 ] :0*SA-7h->fi«>'7h7*h7 

3 Z. t^TfffS feCDT&o fc. 
[ 0 0 6 0 ] ^qifCO^JiA-y h->& 

ts^y h7^- h-?7>? (Dmm&i&m 4 <Dm&T.mmiz'& 
-oxmm^-^o m4 (a) iz^-r^oiz, 7*h^x? 

m&$Lft$im& 1 60 1±C, X/Vy ^ 'J >^&T. ^ 
TtC^TilO^^^T, iJ^^DAll 6 0 2 £*S§ 4 0 
nmOBtSlZl&mLti* 

[oo6i] f&mmm : 7 B u-i--mD c-w 



x a^ ^-j^yj 



T;Un >^fX 10 0 seem 
6 7>^7 

^£-a tf^ DA^^t^ 1 6 0 3 ^Ml, &&m<D& 
m/\—7 h->$Ll®i/7 h7 * h7X^ffi^7>ni 

iC^fo ZV*^? >2 7s<DWL& 2 4 8 n m^^Vt^Jlig 
*$Hi5. 5%-Ca5^fc. 

[ 0 0 6 2 ] I0y7>^X±l;. t^O^UVif 
7 7 << -SXti^ ^- h <J y 7 ^ -^(Zcfc 0 , f^I^ 

(b) £5 W«4»*^^^t-rs3fM©U^ 

X h/^-> 1 6 0 5 fc 0 ^(C, PIISI ( c ) tC^-T 

xo\z, ^^7shn9->i^^>m\h^nt^m/\-7 h 

->&&z/7 h^^r, CH, CI, : O, =1:2. 5 
(Z)?g£-#X, ^7J0. 3 h-;KO^^T^l^^ 7 X7 

(d) ic^-rj; p lc, ^^^cd^^/n— y h->{ifg>' 
yhy^-h^x^ l 6 o 7 z'&fz. 

[ 0 0 6 3 ] 77lif^^^/7DA{t:^16 03 



( 10 

17 

it. ^I^DAI 1 6 0 2 tlilD^DAHf^f #t 

[ 0 0 6 4] :^)#lA-7h->|4ffi'>7h7t h7 
Tf-fe««. ^r®^t^, ffH/P^tfj , 3§i&l£#*tJ, 

[ 0 0 6 5 ] 10 

<D/\—y b — > falfe is 7 b 7 * b ■? Tst? RZS/\ — 7 h — 
XZmi/7 h7 * h~?7.t7 t. A- 

7 h- vetted 7 h If fc&fflT^ ^ D Aifc^^i^i^t 
a-fc, $t$kM7 * h t a t a, £ n cjj&x*^ 

[HI] #5glpl<0 5SJS0l] 1 <D/\—7 b— >&mis7 b7 

[EH 2] mm&}2 <D/\-7 b — >$Llfei/7 b7* hVX 

[HI33 *M0iJ4©A-7 h->fifi->7 h7t hVX 

[[1143 2SJ£0!I 5 <BA — 7 h->tet§->:7 b7* 30 
CHS] ilil0A-7h->tffiy7h7^h7X 
[EI63 4 (OA — 7 >te*B->:7 h 7* 

[is 7] isjgey s ©a-? h->fita->^ h7^- hvx 

# ffl ^ ^ > 5 X CO ft ^ £ ^ti "C & £ o 

[HI83 ij >^;tfxSSStt£«*fc<h#<DlB#r 

[HI93 XA^ U >^^XfiiEfijtSrKAfci: 40 

[SI 0 } 7.ny $ U ASS£J££S>Lfc£#GD8 
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[SI l] ^/t^^U>if^7S6filt£SAfct$07 

ymw^. mmm^. iiif ©^oaie^cmlto 
f§*t#£& £ tks- m -v h z> o 

IS12] /\-7 b->&&is7 b U V^77^ -<DJH 

[S3 l 4 3 □ A^co7l7fe^3§^ai^^^-rillT-$> 

5.' 

10 1. 2 0 1 -Sffi 

1 0 2 -&*BJE£¥giBJK 

1 0 3, 2 0 3 »-ASt3t 

2 0 2 -iB^M 

4 0 l-i/ij3>')I-A- 
4 0 2-* nj*{£&®m 
4 0 3 -iS5^^#fi£S^^^ 
4 0 4 - ^PAI^^l 

407 -mytm$Tm-v->7)is 

4 0 8 - A — "7 h — 7 h7* h7X.^ffl7'7> 

5 0 1 — 7.7 >9X 

5 0 2 U>>X h A^ — > 

5 0 3 - ^S^I/t^> 
5 0 h 

5 0 5 - A— 7 h — >&ft>>7 b 7 * 

1 4 0 1 - ^ >J 3 > £ X — A — 

1 4 0 2 •■^ □A^il 

i 4 o 3 -ie5i&fifle^^s^s« 
1 4 0 4- ^ nAft^flg 

1 4 0 5 NA^ — > 

1 4 0 6 -¥S9ilgSA*-> 

1407 -Wk%mmmv>-?)i 

1 4 0 8 -A-7 h 7 ^"7X^177 

1 4 0 9 ■•* A 7 b->{±m~>7 b 7 * 

16 0 1 -7* 

1 6 0 2 -&JE£ DAi 

1 6 0 3 - ^nAfk^i)^ 

1 6 0 4 ••• A — 7 b — >&mi/7 b7* h7X^7'7 

1 6 0 5 -l/y^h/^-> 
1 6 0 6 -¥j8 93!BSA*-> 

1 6 0 7 - A— "7 h — >{*LflL>>7 b 7 it hVX^ 
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